The bonding efficacies of three cmmercial dentin bonding agents and an intermediate resin combined with two self-etching dentin primers (aqueous solutions of methacryloxyethyl hydrogen phenyl phosphate (Phenyl -P , 20wt%) and either hydroxyethyl methacrylate (HEMA, 35wt%) or glyceryl methacrylate (GM, 35wt%)) were examined by measuring the wall-to-wall contraction gap of a light-activated resin composite in a cylindrical dentin cavity prepared in extracted human teeth. Among the tested bonding agents, only one material showed complete adaptation between the resin composite and the dentin cavity margin i.e. a dual -cured agent that contained 10-methacryloxydecyl dihydrogen phosphate (MDP) . The contraction gap of the intermediate resin was significantly reduced by pretreatment with the experimental self-etching dentin primers containing Phenyl-P.
INTRODUCTION
Self-etching dentin primers were introduced to resin composite restoration to simplify restoration procedures by combining the steps of dentin cleaning and priming.
It is widely known that the smear layer on ground tooth surfaces should be removed because it interferes with bonding between resin materials and tooth substances. Therefore, phosphoric acid1) and citric acid with ferric chloride2) have been used to effectively remove the smear layer, and to promote bonding by forming resin tags in the etched dentin tubules and by forming a hybrid layer in the superficial dentin layer, respectively.
In 1984, Munksgaard and Asmussen reported that pretreatment of the dentin surface, after removing the smear layer, with an aqueous solution of hydroxyethyl methacrylate (HEMA) and glutaraldehyde (GLUMA) significantly improved the bonding efficacy of the resin materials to dentin3). These two steps have been combined in commercial products by adding an acid, such as maleic acid or citric acid to the HEMA solution.
However, these self-etching dentin primers do not establish complete adaptation4,5). In 1992, Watanabe reported that an aqueous mixture of HEMA and methacryloxyethyl hydrogen phenyl phosphate (Phenyl-P) was effective as a primer for ground dentin with a smear layer6).
Despite the development of dentin cleanser and primer, we claimed that the marginal integrity of a resin composite in the dentin cavity was determined by the combination of dentin cleanser, primer, bonding agent and resin composite.
To establish complete marginal adaptation of the resin composite in the dentin cavity, the dentin cavity wall should not be decalcified, possibly by the dentin cleanser, because the reduction of dentin hardness after cleaning has shown a strong correlation with the width of the contraction gap formed by light -activated resin composite in a cylindrical dentin cavity . After the introduction of GLUMA primer by Munksgaard and Asmussen, we reported that aqueous solutions of esterified methacrylate with polyvalent alcohol were effective dentin primers since the formation of a contraction gap by a light-activated resin composite was completely prevented by pretreatment with glyceryl methacrylate (GM)7) or erythritol methacrylate (EM)8) solution applied to the dentin after cleaning with EDTA.
We also determined that only four dentin bonding agents found in commercial products could effectively establish a contraction-gap-free dentin bonding system9). These dentin bonding agents were characterized by their functional monomers: 10-methacryloxydecyl dihydrogen phosphate (MDP), 4-methacryloxyethyl trimellitate anhydride (4-META) and tetra-(methacryloxyethyl)
pyrophosphate. Watanabe and Nakabayashi described an experimental dentin bonding agent that contained Phenyl-P diluted in triethyleneglycol dimethacrylate (TEDGMA) that was activated by N-phenyl glycine and camphor quinone, and which they combined with the self-etching dentin primer described above10).
The present study evaluated the efficacy of the combined application of commercial dentin bonding agents or an intermediate resin and self-etching dentin primers composed of HEMA or GM with Phenyl-P, by measuring the wall-to-wall polymerization contraction gap width of a light-activated resin composite in a cylindrical dentin cavity.
MATERIALS AND METHODS
The experimental self-etching dentin primers were prepared by diluting 20wt% of Phenyl-P* and 35wt% of GM** or HEMA# in the distilled water. These experimental primenrs and a commercial dentin conditioner (CLB2) were combined with three commercial dentin bonding agents (TLB, CPB and CLB2) and an intermediate resin (CEB) ( Table 1) .
The proximal enamel of an extracted human molar was removed with wet carborundum paper (#220) and a cylindrical cavity, approximately 3mm in diameter and 1.5mm deep, was prepared in the exposed dentin. The experimental primers were then filled in the cavity for 30sec and the cavity was completely dried with a blast of compressed air. In another group, the cavity was cleaned with a neutralized 0.5mol/L EDTA (pH7.4) for 60sec, and then rinsed and dried. The cavity was then filled with 35wt% GM or HEMA solution for 60sec followed by an air blast to completely dry the cavity.
A drop of one of the dentin bonding agents or the intermediate resin was placed in the cavity.
The light-and dual-cured dentin bonding agents (TLB, CPB and CLB2) were irradiated for 10sec prior to resin composite filling after excess material was removed by an air blast.
A commercial light-activated resin composite## was then slightly overfilled in the cavity and the composite surface was momentarily pressed with a glass plate mediated by a plastic matrix, and irradiated for 40 * Phenyl-P: Experimental , Kuraray, Osaka, Japan ** Blemmer GLM: Nippon Oil and Fat , Tokyo, Japan # (2-Hydroxyethyl)-methacrylat: E . Merck, Dermastadt, Germany ## Silux Plus Universal, 3M , St. Paul, MN, USA 
RESULTS
The contraction gaps are shown in table 2. The gap observed in the control group was reduced by the application of the dentin bonding agents, and gap formation was completely prevented in the three groups in which the dentin cavity was treated with EDTA & GM, GM with Phenyl-P or HEMA with Phenyl-P before application of the dentin bonding agent (CPB). The gap in the intermediate resin group (CEB in Table 2 ) was comparable to that in the control group when the cavity wall was cleaned with EDTA followed by either HEMA or GM, and subsequently treated with a commercial self-etching dentin primer.
However, the gap in the CEB group decreased to that seen with the dentin bonding agents when the cavity wall was primed with the experimental self-etching dentin primers. Based on a Friedman two-way analysis by rank, all of the 25 tested groups, both the EDTA & HEMA and the control groups showed contraction gap values that were significantly different (p< 0.05) than those of the groups that had received other types of dentin priming or bonding agent/intermediate resin, respectively. Furthermore, in the two experimental self-etching dentin primer groups (PPGM and PPHEMA in Table 2 ), only those samples in the control group showed a significantly different contraction gap value, although both the control and CEB groups showed significantly different gap values in the EDTA & GM, EDTA & HEMA and CLB 2 groups.
DISCUSSION
Self-etching dentin primers are clinically useful for resin composite restoration if the formation of a contraction gap can be completely prevented. This can be achieved with a combination of EDTA cleaning, GM or EM priming, one of four effective commercial dentin bonding agents and selected resin composites7).
However, this contraction-gap-free system requires five steps in clinical practice including the enamel etching.
As demonstrated in this study, Phenyl-P was an effective addition to self-etching primers that were applied to the smear layer, although gap formation was prevented completely with only one dentin bonding agent tested.
The mechanism of the present self-etching dentin primer is thought to be based on the priming effect of HEMA or GM and the decalcifying effect of Phenyl-P on the smear layer. We previously determined that the experimental dentin primer tested in this study has an extremely low pH (0.30 for GM with Phenyl-P and 0.84 for HEMA with Phenyl -P) , and that smear layer can be effectively removed by the self-etching dentin primer.
Phenyl-P was initially reported as a functional monomer in a commercial dentin bonding agent11) and Watanabe et al. suggested that Phenyl-P promoted the diffusion of the monomer into the dentin, thus resulting in the formation of a hybrid layer in sound dentin which improved bonding efficacy12).
In this study, the gap width of the composite was decreased significantly, even with the intermediate resin, after pretreatment with primer containing Phenyl-P, as compared to the gap width after cleaning by EDTA and priming with either GM or HEMA. These results indicate that Phenyl-P in the primer not only effective dissolves or removes the smear layer, but also promotes bonding efficacy as a functional monomer. The dual-cured dentin bonding agent which ensured contraction-gap-free samples in three of the groups was characterized by its functional monomer, MDP. However, a complete marginal seal was not consistently obtained with the single-liquid, light-cured dentin bonding agent that contained MDP (CLB2). Dilution of MDP may have affected the efficacy of the functional monomer.
The other single-liquid, light-curing dentin bonding agent (TLB) has a functional monomer of 2 (methacryloxydecyl) propanedioic acid (MAC 10) and a gap was observed in at least two of ten specimens in each primer group.
The effect of functional monomers such as MDP or MAC 10 may be limited by the reducing agents that were added so that they could be polymerized by light. Further study is required to improve the efficacy of light-activated dentin bonding agents to simplify their clinical application.
The commercial dentin bonding system consisting of a conditioner containing Phenyl-P, HEMA and N-methacryloyl 5 amino salicylic acid, and a single-liquid, light-cured dentin bonding agent containing MDP14), requires additional improvement since the formation of a contraction gap could not be completely prevented even when the conditioner was combined with CPB and the dentin bonding agent was combined with gap-free dentin primers.
CONCLUSION
The efficacy of the self-etching dentin primers composed of Phenyl-P and HEMA or GM combined with three commercial dentin bonding agents or an intermediate resin was examined by measuring the wall-to-wall polymerization contraction gap of a commercial resin composite in a cylindrical dentin cavity.
Complete marginal adaptation was obtained only when the experimental self-etching dentin primers were combined with a dual cured dentin bonding agent containing 10-methacryloxydecyl dihydrogen phosphate (MDP).
